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Immunoassay has been widely used for the detection of target analytes in complex mixtures such as blood 
by using highly specific antigen-antibody interactions. In this work, antibodies against a target analyte was 
immobilized to magnetic beads and the change of surface charge of magnetic beads were measured after the 
binding of target proteins by using a zeta potential analyzer. For the feasibility test of the zeta potential 
analysis, horseradish peroxidase (HRP) was used as a model target analyte. The application to medical 
diagnosis was demonstrated by detection of C-reactive protein (CRP) which is known to be a biomarker for 
inflammatory diseases. 
 
Motivation and results 
Immunoassay has been widely used for the detection of a target analyte in complex mixtures such as blood 
by using a highly specific antigen-antibody interaction. The changes of zeta potential after the 
antigen-antibody interaction were used for the non-labeled immunoassay of a target analyte [1,2].  
The zeta potential is widely used for quantification of the magnitude at the electric double layer of colloids, 
which can be related to the repulsion of adjacent charged particles in dispersion. Each protein has variable 
charges according to the sequence of amino acids, which can be measured by the zeta potential analyzer. In 
this work, antibodies against a target analyte were immobilized to magnetic beads, and the change of surface 
charges of a magnetic bead was measured after the binding of target proteins by using a zeta potential 
analyzer. The immunoassay based on magnetic beads with immobilized protein A was carried out as shown 
in Fig. 1. In the case of immunoassays, antibodies bind to specific antigens which have characteristic surface 
charges. Most proteins are known to be distributed near the neutral pI value (pI=7) and the antibodies are reported 
to have positively charged (pI>7). For example, the pI value of rabbit IgG is reported to be 8.6 [4-5]. Such 
properties are also found when the antibodies are immobilized to magnetic beads as shown in Fig2.  
For the feasibility test of the zeta potential analysis for immunoassays, horseradish peroxidase (HRP) was 
used as a model target analyte [3]. The zeta potential was observed to increase according to the concentration 
of HRP, and the response curve reached a saturated signal as shown in Fig. 3 (a). HRP is reported to have a 
negatively charged surface (pI=6.6) and the binding to the magnetic beads resulted in the quantitative 
increase of zeta potential. From the HRP analysis, the limit of detection (LOD) was estimated to be less than 
1 ng/ml and the dynamic range was determined to be from less than 1 ng/ml to more than 1 μg/ml as shown 
in Fig. 3(b). For diagnosis of inflammatory diseases, non-labeled immunoassay based on zeta potential 
analysis could be applied by detecting C-reactive protein (CRP) as a target analyte. 
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Fig. 1: Configuration of zeta potential immunoassay. The antibodies against a target analyte are immobilized to 
magnetic beads and the change of surface charge of a magnetic bead was measured after the binding of a target 
protein by using a zeta potential analyzer.  
 




Fig. 3: Immunoassay of HRP by zeta potential measurement. (a) Zeta potential values at each immunoassay step. 
(b) Quantitative analysis of HRP by the zeta potential measurement  
 
  
